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Of several dinitrobenzenes tested, 2,4-dinitrothio-
cyanatebenzene (DNTB) was found to be the only one 
that did not induce contact sensitivity when applied to 
the guinea pig ear epicutaneously, but when applied 
epicutaneously it induced tolerance to 2,4-dinitrofluo-
robenzene (DNFB). The manner in which DNFB, DNTB, 
and other dinitrobenzene compounds conjugated in vitro 
to soluble proteins, at physiologic pH, was examined. By 
measuring the free amino and sulfydryl radicals in the 
protein before and after conjugation, it was possible to 
determine to which groups the hapten was bound. It was 
found that although all the haptens bound to the free 
sulfydryl groups, DNTB was the only one that did not 
bind to amino groups. It is suggested that to be an 
epicutaenous tolerizer, as opposed to sensitizer, a hapten 
should bind to sulfydryl groups exclusively . It is hoped 
that a search for agents binding in a similar manner will 
reveal epicutaneous tolerizers for important industrial 
sensitizers. 
Immunologic tolerance in contact sensit ivity to the dini t ro-
benzene compounds can be readily induced, in t he guinea pig, 
by i.v. injection of large doses of the sensit izer in a water-
soluble form [1], or by feeding of small doses of the chemical 
[2] before sensitization. Tolerance can also be induced by the 
topical app lication of a contact sensit izer [3] before sensit iza-
tion. In t he present study we have investigated this method of 
induction of immunologic tolerance further. 
Friedlander and Baer (4] reported that dimethylaminoana-
phthalene sulfonyl chloride and 2,4-dinitrothiocyanatebenzene 
(DNTB) would sensit ize guinea pigs to contact sensitivity when 
emulsified in Freund's complete adj uvant (FCA) , but not when 
applied epicutaneously. In fact, the epicutaneous application of 
t he chem icals before immunization, in FCA, caused a marked 
decrease in responsiveness upon skin testing. More recent ly, it 
was shown t hat, as DNTB cross _.reacted with 2,4-dinitrot1uo-
robenzene (DNFB) [5], only 2 applications of DNTB onto t he 
dorsum of the gu inea pig ear before sensitization with DNFB 
induced tolerance to DNFB [6]. Further investigation showed 
that these epicutaneous applications of DNTB induced t he 
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development of suppressor cells t hat were sensitive to cyclo-
phosphamide. 
In this study we have attempted to determine why the 
epicutaneous application of DNTB should induce tolerance, 
with suppressor cells, whi le t hat of DNFB induces sensitization. 
DNFB easily and rapidly conjugates to proteins, whereas 
DNTB is chemically much less reactive [7]. The abili ty of 
DNFB, DNTB, and other dinitrobenzene compounds to con-
jugate to protein, the speed of t he reaction, and the manner in 
which t hese compounds conjugate has been compared with 
t heir ability to induce contact sensitivity or tolerance. This 
work has also been extended to some of t he trinit robenzene 
compounds. It would seem that the only good epicutaneous 
inducer of tolerance, DNTB, is the only hapten that does not 
conjugate to protein through t he free amino· groups but binds 
to proteins via t he sulfydryl radicals. The relevance of this in 
the epicutaneous induction of tolerance is discussed. 
MATERIALS AND METHODS 
Animals 
Outbred Hartley strain gu inea pigs of eit her sex were used. The 
an ima ls were from stocks bred at the Royal College of Surgeons or 
were purchased from David Ha ll , Newchurch, Staffs. They were fed on 
a pelleted diet RGP (F. Dixon & So n, Ware, Herts, Engla nd) liberally 
supplemented with cabbage and hay. 
Chemicals 
1-F luoro,2,4-din itrobenzene (DNFB) a nd 1-chloro-2,4-dini troben-
zene (DNCB) were obtained from Hopkins and Williams Ltd., Chad-
well Heath, Essex; 2,4-dini t roiodobenzene (DNIB) from Fluka AG, 
Swi tzerla nd; and 2,4-dini t rothiocyanatebenzene (DNTB) from K & K 
Laborator ies Inc., Liverpool. 2,4-Dini t robenzenesulfenylchloride 
(DNSCl) a nd N-2,4-dini t roaniline ma leimide (DNAM) were purchased 
from Sigma Chemical Co., London. 2,4,6-Trini trophenol (TNOH, picric 
acid) a nd 2,4,6-trinitroch lorobenzene (TNCl, picryl chloride) were pur-
chased from BDH Chemicals Ltd., Dorset . Bovine serum a lbumin 
(BSA), crystalized a nd lyophilized, poly-L- lysine hydrobromide (M, 
70,000 a nd a degree of polymerization 320) and poly-S-carbobenzoxy-
L-cyste ine (M, 10,400 and degree of polymerization 44) were purchased 
from Sigma Chemical Co. 
Sensitization Procedures 
Guinea pigs were sensit ized to t he dini t robenzene compounds epi-
cuta neously a nd to the t rini trobenzenes using an intradermal method. 
For t he epicutaneous method the equivalent of 0.05 ml of a 10% (w/v) 
solu t ion in acetone:olive oil (1 :1) was appl ied epicutaneously to t he 
dorsum of the right ear. Wit h some chemicals it was not possible to 
make a 10% solu t ion; therefore, more of t he strongest solution possible 
was applied to t he ear. The in t radermal method for sensitizing animals 
to picryl chloride a nd picric acid was as described previously [8] . Briet1y, 
0.2 ml of a 0.3 % (w/v) solu t ion in alcohol was added to 24 ml saline to 
give a concent ration of 25 iJg/ml. One-tent h of a milliliter of t his was 
injected in t radermally in to each of 6 sites in t he nucha l region and into 
each foo tpad. 
Skin T ests 
Skin tests were performed by dropping 0.02 ml of the test solu t ion 
onto the shaved flanks of t he guinea pigs. The fo llowing solu t ions were 
used: 0.1, 0.25 , and 0.5 % (w/ v) in acetone:olive oil (4:1) for the dini t ro-
benzene co1npounds and 0.25, 0.5, and 1% (w/v) in acetone:olive oil 
(4:1) for t he trinitrobenzenes. 
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Induction of Tolerance 
In an attempt to induce tolerance epicutaneously, 0.1 ml of 2% (w/ 
v) of either t he din it ro or t he trini t ro compounds in acetone was applied 
to t he dorsum of the left ear 14 and 7 days before sensitization. When 
the guinea pigs were epicutaneously sensitized, as for the dini t roben-
zenes, t hese sensit ization doses were applied to the right ear. 
Preparation of Conjugates 
The hapte ns were conjugated to bovine serum albumin (BSA) by 
stirring, at room temperature, 35 mg hapten with 100 mg BSA in 
phosphate-buffered saline (PBS) . The reactions with t he dinit ro com-
pounds were a llowed to proceed for a min imum of 24 h. However when 
TNCl was used, t he reaction was stopped a fter 5 h as t he whole 
precipitated if left for 24 h. For the same reason only half the amount 
of TNOH was mixed wi th BSA, at a pH of 10.2, and t he reaction time 
was limited to 15 min to prevent the formation of a solid mass. Free 
hapten was separated from the conjugate by column chromatography 
on Sephadex G-25 (Pharmacia Ltd). The protein content was estimated 
using UV absorption [9] and t he amount of hapten per prote in molecule 
calcu lated as described by E isen, Carsten, and Belman [10]. 
In order to determine whether the picryl chloride and picric acid 
conjugates were bound totally via covalent bonds or otherwise, the 
fo llowing experiment was performed. The picryl chloride and picric 
acid conjugates were stirred in a solution of 3 M potassium thiocyanate 
overn ight at room temperature and the protein solut ion were then 
rechromatograp hed on Sephadex G-25 as previously. 
In a further series of experiments t hat were designed to see whether 
DNFB or DNTB would attach to the amino or sulfydryl groups of 
model polypeptides, t he haptens were conjugated to poly-L-lysine and 
poly-L-cysteine. Conjugation with poly-L-lysine was essentia lly as de-
scribed for the conjugations with BSA, except that 4 mg of hapten was 
mixed with 30 mg (4.3 x 10- 4 mmol) of poly-L-lysine hydrobromide. 
However, the method had to be adapted for conjugation with poly-L-
cysteine. The carbobenzoxy radical was first removed from poly-S-
carbobenzoxy-L-cysteine by the method of Berger, Noguchi, and 
Katchalski [11]. This poly-L-cyste ine (3.8 mg, 8.4 X 10- 4 mmo l) was 
immediate ly mixed with 8. 7 mg of hapten and the pH adjusted to 11 to 
solubilize the poly-L-cysteine. The reaction was a llowed to proceed for 
24 h. 
Determination of Free Amino Groups 
The method used was t hat described by Habeeb [12] us ing t he 
reagent 2,4,6-trinitrobenzenesulfonic acid. Determinations were per-
formed in th~ presence of sodium Iaury! sulfate with an incubation 
time of 1 h at 45•c . Absorbance measurements were made at 340 nm 
and allowance was made for the contribut ion of the hapten at t his 
wavelength by using blanks without trinitrobenzenesulfonic acid. The 
protein concentration of the samples to be assayed was approximately 
0.5 mg/ml. A freshly prepared standard solution of BSA was run in 
parallel with each batch of assays. The experimentally determined 
values for t he free amino groups were corrected to a mean figure. 
Determination of Free Sulfydryl Groups 
The method described by Fridovich and Handler [13] was modified 
as follows: A stock solution of p-hydroxymercuribenzoate sodium salt 
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(Sigma Chemical Co.) was fres hly prepared for eac h assay by dissolving 
16.2 mg of p-hydroxymercuribenzoate sodium salt in water with the 
addition of a few drops of N NaOH, 10 ml of potassium phosphate 
buffer (pH 7.0), and 5.0 ml of 0.5 M potassium sul fate . T he volume of 
t his was then made up to 100 mi. T he di thizone stock solution, made 
immediately before use, was prepared by dissolving approximately 2 
mg diphenylthiocarbazone (dith izone, Sigma Chemical Co.) in 150 ml 
carbon tetrac hloride. The solut ion was clarified by filtration and kept 
in an ice bath. It is important. t hat t he absorbance at 625 nm of t he 
fresh solution is betwee n 1.3 and 1.6. 
For determination of free su lfydryl groups, 0.3 ml of t he stock p-
hydroxymercur ibenzoate solut ion was added to 0.2 ml of the sample 
containing approx imately 20 mg/ml protein to be assayed and the 
mixture incubated for 1 h at room temperature. The samples were then 
placed in an ice bath for 10 min , after which 4.0 ml of cold dithizone 
solut ion was added and the contents mixed thoroughly for 1 min. After 
removal of t he upper layer, t he optical density at 625 nm was measured 
against a reference of carbon tetrachloride. Two standard curves, using 
BSA and L-cysteine 0.5 H20 (Free Base, Sigma Chemical Co.), were 
made fo r each assay 
RESULTS 
The capac ity of several dinitrobenzene compounds to induce 
contact sensitivity epicutaneously has been compared with 
their a bili ty to induce tolerance to DNFB by t he epicutan eous 
route (Table I) . DNFB, DNCB, DNIB, a nd DNAM induced 
contact sensitivi ty when app lied epicutaneously, a lt hough t he 
degree of contact sensitivity induced by DNIB at 7 days was 
approximately half of t hat induced by the other hapten s. All 
the ha ptens we re found to cross-react readily with DNFB. 
However, only DNTB was capable of inducing good tolerance 
to DNFB when a pplied ep icutaneous ly. Two prior applications 
of DNSC l or DNIB onto t he dorsum of t he ear before sensit i-
zation with DNFB induced a slightly reduced contact sensit iv-
ity reaction. Guinea pigs treated with DNAM in a s imilar 
m a nner s howed increased con tact sens itiv ity to DNFB, whereas 
pretreatment with DNCB did not a lter t he level of con tact 
sensitivi ty to DNFB. 
As a ll t hese dinit robenzene compounds were conjugated to 
BSA under ide ntica l conditions, the number of haptens per 
molecule of protein is some indicat ion of t he rate of the reac-
tion. As expected, DNFB, with 18.9 ± 0.9 hapten molecules/ 
protein molecule, after 24 h , reacts faster with BSA than t he 
other compounds. However, DNAM and DNSCl would both 
appear to react faster t he n t he halogen -substituted dinitroben-
zenes, DNCB a nd DNIB. In fact, from t his work DNIB and 
DNTB a re the s lowest reactors as only 0.6 ± 0 a nd 0.7 ± 0.1 
molecules of hapten, respectively, bound to 1 molecule of BSA 
after a 24-h reaction. 
By determin ing the number of free amino a nd su lfydryl 
groups in BSA before a nd after conjugation, it was possible to 
determine to which radicals t he hapten had bound. As can be 
TABLE I. A comparison of the action of dinitrofen.y l and trinitrofen.yl analogues applied epicutan.eously and their ability to bind after 24 h in vitro 
to the amino and sulfydryl radicals of bovine albu.min at pH 7.3 
In vivo effect when applied epicutaneously Conjugation with BSA 
Chemical Sens itizationo Tolerizalion• Molecules hapten/prolein Free am inoc Free sulfydryld molecule 
DNFB +++ 18.9 ± 0.9 38.8 ± 1.6 0 
DNCB ++ 1.3 ± 0 60.3 ± 0.4 0 
DNTB ++ 0.7 ± 0.1 60.6 ± 3.4 0 
DNSCl (+) 2.7 ± 0.2 58.3 ± 2.8 0 
DNIB + (+) 0.6 ± 0 62 .1 ± 1.3 0 
DNAM ++ 6.1 ± 0.5'' 55.2 ± 2.9 0 
TNCl ++ ND 39.0 ± 1.5 0 
TNOH NO 52. 1 ± 0.4 0.40 ± 0.01 
" +++, ++, + , -: Arbitrary scale of strength of sensitization obtained. 
• ++ = Consistantly strong epicutaneous to lerization; ( +) = weak reactivity obtained in 1 out of 2 experiments only; - = consistantly unable 
to produce epicutaneous to lerization. 
' Unconjugated BSA gave 62.2 ± 1.4 free amino groups per protein molecule. 
d Unconjugated BSA gave 0.52 ± 0.04(free sulfydryl groups per protein molecule. 
• Based on an optical density measure~nent at 432 nm (f = 2.381 X 10'). 
\ 
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seen, all t he dinitrofenyl conjugates lost their free sulfydryl 
group, indicating that the haptens had bound to the protein via 
this radical. In addition, the number of free amino groups in 
BSA decreased when DNFB, DNSCl, and DNAM were conju-
gated to t he protein. However, the most salient finding was 
that DNCB, DNIB, and DNTB did not appear to conjugate to 
BSA through free amino groups as the number of these, before 
and after the 24-h reaction , had not altered. It would seem that 
the small amount of these haptens that has conjugated to BSA, 
under these experimental conditions, has bound to the protein 
via its sulfydryl radical only. 
Comparable experiments were run with the trinitrobenzenes, 
picryl chloride (TNCl) and picric acid (TNOH). As with DNFB, 
TNCl bound to the BSA via both its free sulfydryl and amino 
groups. In contrast, TNOH bound primarily to the amino 
groups of BSA with very little hapten binding to the protein 
via its free sulfydryl group. Picric acid has been reported to 
conjugate to protein through hydrogen bonding [14] and we 
confirmed that most of the hapten had conjugated to BSA in a 
noncovalent manner as it separated from the protein after 
treatment with potassium thiocyanate. 
From Table I it would seem that DNCB, DNIB, and DNTB 
show similar chemical reactivity in that very little of these 
haptens is bound to BSA after reacting with the protein at 
physiologic pH for 24 h. Under these conditions all the hapten 
is bound to the protein through the sulfydryl radical. As these 
haptens behave very differently physiologically, in that DNCB 
does not induce tolerance to DNFB when applied epicuta-
neously and DNTB cannot induce contact sensitivity when 
applied in this way, it was decided to examine the reaction of 
t hese 3 chemicals with BSA in more detail. Accordingly, the 
haptens were again mixed with BSA as described above but the 
reactions were allowed to continue for 2, 4, and 8 days. After 
separation of the conjugated BSA on Sephadex G-25, the con-
jugates were again analyzed for the number of haptens per 
molecule of protein and for free amino and sulfydryl groups. 
As expected, no free sulfydryl groups were found in these 
conjugates. 
As can be seen in Table II, when DNCB is stirred with BSA, 
with time the number of hapten molecules per protein molecule 
increases and this is paralleled by a loss of free amino groups. 
Similarly, although to a lesser degree, the same thing happens 
when DNlB is reacted with BSA. As expected, this demon-
strates that DNIB is a slower reactor than DNCB. In contrast, 
when DNTB and BSA are reacted together, even after 8 days 
there is no increase in the number of molecules of hapten on 
the protein, nor is there a decrease in the free amino groups. 
As these conjugations were carried out at room temperature, 
BSA alone was treated similarly and the number of free amino 
groups determined after stirring for 4 and 8 days. Although the 
number of free amino groups rose in much the same way as for 
DNTB reaction, neither in the control nor the dinitrobenzene 
experiments was there any loss of recovery of protein. This 
would indicate that there was no undue degree of denaturation 
of BSA during even the 8-day reaction. . 
In order to confirm that DNTB bin s to proteins only via 
their free sulfydryl groups whereas DNFB binds via both the 
amino and su lfydryl radicals, DNFB and DNTB were conju-
Vol. 81, No. 3 
gated to the synthetic polypeptides, poly-L-lysine and poly-L-
cysteine. It can be seen (Table III) that, under these experi-
mental conditions, DNFB has conjugated to both poly-L-lysine 
and to poly-L-cysteine. In contrast, DNTB did not bind to 
poly-L-lysine as the number of free amino groups did not alter 
but it did combine to the poly-L-cysteine. This conjugation of 
DNTB to poly-L-cysteine was solely via the sulfydryl groups 
as none was detected after conjugation, whereas the number of 
free amino groups in the poly-L-cysteine did not differ from 
that found in the original poly-L-cysteine. 
DISCUSSION 
Of the dinitrobenzenes tested, DNTB would appear to be the 
only compound soluble in organic solvents that does not induce 
contact sensitivity when applied epicutaneously to the ear of a 
guinea pig, but induces tolerance to contact sensitivity by this 
route. It has been reported that dimethyl aminoanaphthalene-
sulfonyl chloride behaves similarly to DNTB [4] and we found 
that the comparable chemical, with the single benzene ring, 
i.e., dinitrosulfonylchloride, was likewise not capable of induc-
ing contact sensitivity when applied epicutaneously to the ear. 
However, DNSCl differed from DNTB in that it did not induce 
any real degree of tolerance to DNFB. In its ability to induce 
tolerance to DNFB epicutaneously DNIB was similar to 
DNSCl, but it differed from DNSCl in that it could induce 
contact sensitivity when applied to the dorsum of a guinea pig 
ear. Of the 3 compounds that, using this protocol, are capable 
of inducing any degree of tolerance to DNFB, DNIB will 
sensitize epicutaneously, whereas DNSCl and DNTB will not. 
The outstanding characteristic of DNTB would appear to be 
that it is the only chemical examined that binds to proteins, at 
physiologic pH, only through the sulfydryl groups. In 1953 
Eisen and Belman [7] reported that "DNSCl and DNTB com-
bined in vivo with skin protein through reaction with sulfur of 
cystine or cysteine. These compounds did not react in vivo with 
free NH2 groups of proteins." In this work, after the epidermal 
protein had reacted with the haptens it was hydrolyzed and the 
products analyzed on buffered silica gel columns. By analogy 
with the hydrolys is products of glutathione, Eisen and Belman 
[7] claimed that the products produced from the DNTB- and 
DNSCl-bound protein was cysteine as "D-glutathione presum-
ably yields D-cysteine on acid hydrolysis." 
Our approach to estimating the amount of free amino and 
sulfydryl groups in proteins before and after conjugation has 
advantages in that it will detect whether even one radical has 
been blocked. Using these techniques we have confirmed Eisen 
and Belman's assumption that DNTB binds to protein at 
TABLE III. A comparison of the ability of DNFB and DNTB to bind 
to the amino and su.lfydryl radicals of poly-L-cysteine and poly-L-
lysine. 
Conjugation Po ly- L-cyste ine Poly-L-lysine 
with· Free amino Free sulfydryl Free m~ino Free sulfydryl 
DNFB 2.7 ± 0.1 0 319.0 ± 13.5 0 
DNTB 3.8 ± 0.1 0 345.0 ± 5.4 0 
4.1 ± 0.2 40.0 ± 1.4 348.0 ± 12.2 0 
TABLE II. Number of hapten molecules linhed to BSA and the number of free amino groups left on the BSA molecule after conjugation with 
DNCB, DNIB, and DNTB for 2, 4, and 8 days 
Duration of reaction 
Chemica l 
DNCB 
DNIB 
DNTB 
Hap/protein" 
1.8 ± 0 
0.7 ± 0 
0.5 ± 0.1 
2 Days 
Free NH 2• 
59.3 ± 1.1 
62.1 ± 1.2 
60.5 ± 1.4 
Hap/protein 
2.4 ± 1.0 
1.3 ± 0 
0.6 ± 0 
"Number of molecules of hapten attached to 1 molecule of BSA. 
• Number of free am ino groups on BSA a fter conjugation. 
4 Days 
Free NH2 
56.9 ± 1.0 
61.5 ± 1.3 
65.1 ± 0.9 
Hap/protein 
4.3 ± 0 
1.8 ± 0 
0.7 ± 0 
8 Days 
Free NH2 
54.6 ± 0.5 
61.0 ± 1.1 
65.3 ± 2.2 
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physiologic pH via t he sulfydryl groups. However, we have 
demonstrated t hat although DNSCl does conjugate to protein 
via the sulfydryl groups, t his is not exclusive as it a lso binds 
via the amino radicals. In addit ion, we have shown t hat DNAM, 
which is reported to be a classical blocker of sulfydryl groups 
[15], a lso reacts wit h amino groups. 
By reacting the haptens with BSA for 24 h it would appear 
t hat DNCB, DNTB, and DNIB have very similar reaction rates 
and bind primarily via sulfydryl groups. However, when t he 
reactions were a llowed to proceed for longer it was evident that 
the 3 haptens react very different ly. Both DNCB and DNIB 
react very slowly but, wit h t ime, both haptens bind to BSA 
through free amino groups. However, these experiments dem-
onstrate conclusively that even after 8 days DNTB will bind to 
BSA only via its free sulfydryl radicals. 
One of the possible ways in which a substance might be an 
epicutaneous tolerizer could be by at taching to protein through 
hydrogen bonds. Magu ire and Chase [14] claimed that picric 
acid conjugated to proteins via hydrogen bonds and our work 
has subsequently confirmed this. However, t reatment of guinea 
pigs wit h picric acid epicutaneously, before sensitization with 
picryl chloride, did not induce tolerance. It was found that 
picric ac id did bind noncovalently to proteins and this bound 
primari ly to amino groups and not to the sulfydryl radicals. 
It appears, therefore, that t he reason that DNTB is an 
epicutaneous tolerizer in contact sensit ivity is that it does not 
bind t hrough the amino groups of the proteins but via the 
sul fydryl groups. From these findin gs it wou ld seem that, in 
t he search for new substances t hat might be used as epicuta-
neous tolerize rs in an industrial situation, one must look for 
chemicals t hat bind to proteins exclusively via their sulfydryl 
groups. 
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Effects of PUV A on Human Blood Monocytes In Vitro 
A. R. VERHAGEN , M.D ., MIEKE BERGERS, B .S c., G. DE JoN GH, B.Sc., AND P. D. MIER, P H .D. 
Department of Dermatology, University of N ijmegen, Nij megen, The N etherlands 
Adherent monolayer cultures of monocy tes at two 
s tages of maturation w ere exposed to long-wave ultra-
violet radiation in the presence and absence of 8-meth-
oxypsoralen. A remarkably predictable, dose-related le-
thal effect was seen, suggesting that mesenchymal cells 
in general may be sensitive to photochemotherapy 
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Abbreviations: 
8-MOP: 8- methoxypsoralen 
PBS: phosphate-buffered saline 
PBSA: PBS conta ining Ca++ and Mg++ and 0.5% human serum 
albumin 
PUV A: psora! en + UV A 
UV A: long-wave ul t raviolet radiation 
(PUVA). Both xp.onocytes and m acrophages were le -
thally damaged with doses that may r each the dermis in 
the course of normal clinical therapy _ 
The long-wave ult raviolet (UV A) radiation employed in pho-
tochemotherapy (PUV A, psoralen + UV A) penetrates deeply 
into the skin . Thus a wide range of cell types is exposed to 
potent ial phototoxic damage during the therapeut ic use of t his 
modali ty. These include dermal components such as lympho-
cytes, macrophages, t he endothelial lining cells of t he capillar-
ies, and (albeit at low doses) the circulating blood cells, in 
addi t ion to t he various epidermal cells. 
Among the epidermal cells, t he Langerhans cell s are exquis-
itely sensit ive to P UV A, and possibly also to UV A radiation 
[1- 4]. Since it is probable that they are derived from t he 
mononuclear phagocyte lineage [5,6], it is reasonable to ask 
whether monocytes and macrophages share this pronounced 
sensit ivity and indeed to speculate whether damage to such 
